1. Introduction {#sec1}
===============

Chromium is one of the heavy metals that are naturally occurring trace elements of soil and over accumulation of these trace elements in agricultural soil become major threat to food safety in several parts of the world ([@bib20]: [@bib9]). Excessive use of fertilizers and pesticides, leather tanning and mining causing high level of chromium contents in agricultural soils ([@bib25]; [@bib49]).

It has been investigated that chromium affects the chloroplast mainly in the form of poor lamellar, fewer grana and enhanced thylakoid lumen ([@bib2]). Plants facing environmental abiotic stress conditions stimulates the formation of reactive oxygen species (ROS) in chloroplast such as photorespiration, cyclic electron flows through either PSI or PSII consequences down-regulation of PSII quantum yield regulated by xanthophyll cycle and proton gradient across thylakoid membrane ([@bib16]). Photosystem II (PSII) is considered to be very sensitive and has great inhibitory effect under stress conditions ([@bib46]), by inhibiting the interaction between electron donor and acceptor end photosystem II (PSII) and induces some changes in I--P normalized bands which are linked with electric trans-thylakoids potential produced by protons pump regulated by cyclic electron transport in PSI during electron transfer from PQ or PQH~2~ to PSI electron acceptor end i.e Fd and NADP.

At PSII chromium ions replaces the co-factor Ca^2+^ known to be very important for water-splitting, hence alters the structure and function of oxygen evolving complex. In addition to oxygen evolving complex chromium ions interacts with many essential electron acceptor proteins i.e Q~B~ found in electron transport of PSII ([@bib38]). Chromium also effects the efficiency of photosystem I (PSI) by interacting with monomeric and multimeric sub-units, therefore disturbs the overall pathway of electron in electron transport chain that ultimately lowers the energy conversion efficiency of PSII ([@bib15]).

Photosystem II requires a certain amount of energy for the reaction center and continuity of electron flow Q~B~ to PSI. The energy requirements of PSII for electron flow in electron transport chain has been analyzed by observing the apparent activation energy change by fast chlorophyll rise. Apparent change in activation energy of thylakoid membrane can be observed by using O-J-I-P transients that explains the change in oxidation and reduction steps of Q~A~, Q~B~, and Plastoquinone PQ pool ([@bib26]).

Primarily phytomelatonin (N-acetyl-5-methoxytryptamine) is ubiquitous signaling molecule not only regulates the plants growth, delays leaf senescence but also considered as an antioxidant ([@bib32]) under abiotic stresses including heavy metal ([@bib21]). Exogenously applied 50 μmol kg^−1^ and 100 μmol L^−1^ melatonin to *Cyphomandra betacea*, and seedlings of *Malachium aquaticum and Galinsoga parviflora* showed improved growth, photosynthetic efficiency and antioxidant potential ([@bib30]; [@bib48]). Some studies indicated that chromium stress increased endogenous melatonin biosynthesis in plants is associated with stress tolerance ([@bib52]; [@bib51]). For example, exogenously applied melatonin 10 mM to explants apple leaves in dark induced senescence showed improved efficiency of PSII with decrease in energy dissipation as heat (ΦD). Similarly, melatonin induced increased values of performance index (PI) suggesting, more energy conservation of excited electron to reduce PSI site of melatonin treated cells ([@bib49]). In contrast, melatonin (50, 100, 300 or 500 μM concentrations) application did not change ΦD but it increased primary photochemistry (qP) and decreased non-photochemical quenching (NPQ) of excitation energy ([@bib53]).

Canola (*Brassica napus* L.) is well known edible oil crop and considered as potential candidate against heavy metal stress ([@bib14]) because of its distinguishing characteristics such as heavy metal absorption, rapid growth and greater biomass ([@bib34]). Hence, present study was carried out to assess up to what extent exogenous application alleviate the chromium toxicity in two cultivars of *Brassica napus* differing in chromium tolerance and whether JIP-test parameters can be used as potential indicator for chromium stress tolerance.

2. Methodology {#sec2}
==============

A pot experiment was performed in wirenet house of Bahauddin Zakariya University, Multan, Pakistan with normal environmental conditions (30°N and 71°28E). Seeds of canola cultivars (DGL, AC Excel) were obtained from Ayub Agriculture Research Institute (AARI) Faisalabad. River washed sand was used as a rooting medium. In experiment 120 plastic pots with diameter 28 cm with 8 kg sand were used, five to seven seeds were sown in each pot. After germination of the plants thinning was carried out leaving 4 equally distant placed plants in each pot. After twenty days of germination, plants were treated by various levels of Cr (0, 50, 100 μM) with Hoagland nutrient solution (full strength). After 10 days of chromium treatment foliar application of melatonin with different concentration (0, 1, 5, 10 μM) mentioned as MT0, MT1, MT2, MT3 were applied to the plants. Effective chromium and melatonin concentrations were selected in preliminary experiment, where we found that 5, 10 μM of melatonin showed significant tolerance effect to plants under chromium stress. Experiment was designed according to CRBD (completely randomized block design) with three Cr levels and four melatonin levels, two cultivars and five replicates for each treatment.

After twenty days of treatment, plant fast chlorophyll *a* kinetic analysis was measured with FluorPen FP-100 (Photon System International, Czech Republic). Plants were harvested and separated into shoots and roots. Plant fresh biomass (root and shoot) were measured and then oven-dried at 70 °C for 48 h, then their dry weights were recorded.

2.1. Chlorophyll contents {#sec2.1}
-------------------------

For the estimation of chlorophyll contents of canola plants 0.2 g leaf tissue was homogenized in 80% acetone in pestle and mortar. Leaf extract volume after filtration was kept 10 ml in tubes. Absorbance were measured at different wave lengths i.e., 700, 663, 652, 645, and 470 nm by using double beam spectrophotometer (U-2900/2910 Hitachi) and calculate the chlorophyll and carotenoid contents using formulae as mentioned [@bib4].

2.2. Analysis of O-J-I-P fast chlorophyll a transients {#sec2.2}
------------------------------------------------------

Young and fully matured leaves (usually third leaf from the top) of canola plants were dark adapted for 20 min by wrapping aluminum foil and then exposed to saturating light pulse of 3000 μmol m^−2^ s^−1^ light intensity with 0.8 s duration over 4 mm leaf area using hand-held device FluorPen FP-100 (Photon System International, Czech Republic). Various basic fluorescence parameters (F~o~, F~J~, F~I~, F~m~), relative variable fluorescence (V~J~, V~I~), ratios of fluorescence (Fv/Fm, Fv/Fo) and other JIP-test parameters were calculated following Strasser et al. (2000). Raw fluorescence curves were normalized by Fo and double normalized by Fo and Fm of control and then plotted on logarithmic scale. Moreover, difference in double normalized curves of treated and control plants were calculated and then plotted on logarithmic scale to assess specific changes in PSII activity and electron transport flux.

The data obtained were statistically analyzed using three-way ANOVA with the help of statistical computer package CoStat 6.3 (Cohort, California USA). The percent of control of each JIP-test parameter was calculated and presented on one scale as radar plot to assess changes in different attributes due to chromium toxicity and changes due to melatonin.

3. Results {#sec3}
==========

Chromium toxicity causes reduction (P ≤ 0.001) in biomass (fresh and dry weight g/plant) ([Figure 1](#fig1){ref-type="fig"}), leaf number and quantum yield ([Figure 2](#fig2){ref-type="fig"}) of both the canola cultivars. While melatonin application improved the plant growth (fresh and dry biomass of shoots and roots, leaf number) and quantum yield of PSII in both canola cultivars. This improving effect of melatonin was more in 5μM melatonin treated AC-Excel plants.Figure 1Biomass (**A**) Shoot fresh weight, (**B**) Shoot dry weight, (**C)** Root fresh weight, (**D**) Root dry weight of two canola cultivars (*Brassica napus* L.) when three week old plants were subjected to foliar application of melatonin and chromium stress for further two week.Figure 1Figure 2Chlorophyll contents (**A**) Chlorophyll a, (**B**) Chlorophyll b, (**C**) Chlorophyll a/b, (**D**) Total chlorophyll of two canola cultivars (*Brassica napus* L.) when three week old plants were subjected to foliar application of melatonin and chromium stress for further two weeks.Figure 2

Overall chlorophyll contents were significantly affected by chromium stress (P ≤ 0.001) including chlorophyll a, chlorophyll b, chlorophyll a/b and total chlorophyll of canola plants ([Figure 3](#fig3){ref-type="fig"}). While exogenous application of melatonin improved chlorophyll contents meanly 5 and 10μM concentration significantly increased chlorophyll contents in chromium treated and non-treated plants. Significant increase in plant biomass and chlorophyll contents in AC-Excel shows more resistance as compared to DGL in chromium stress.Figure 3Chlorophyll flourescence with and without normalization of two cultivars of canola (*Brassica napus* L.) whereas **(A)**, **(B)**, **(C)**, **(D)** represents DGL with melatonin (0,1,5,10 μM) and chromium (0,50,100 μM) while **(E)**, **(F)**, **(G)**, **(H)** represents AC-Excel with melatonin (0,1,5,10 μM) and chromium (0,50,100 μM) respectively for further two weeks.Figure 3

OJIP chlorophyll florescence transients were evaluated from dark adapted leaves of canola and were plotted on logarithmic scale. In chlorophyll florescence transient\'s some changes were observed due chromium and melatonin treatment in canola. Ok phase describes the uncoupling of oxygen evolving complex. **ΔV**~**OK**~ was high at 5uM melatonin level then 1 and 10 μM treatment. OJ is the light dependent phase which describes the information about the connection between antenna complex size and reaction center of PSII. Under chromium stress **ΔV**~**OJ**~ increases but more pronounced on 5 μM melatonin level as compared to the 1 and 10 μM melatonin level. On 1 and 10 μM melatonin plants showed little reduction in **ΔV**~**OJ**~ in control conditions that shows the plants are able to maintain the antenna complex of PSII and reaction center. OI phase describes the kinetic properties of reduction/oxidation of the PQ (Plastoquinone) pool. IP phase describes the electron flow from PQ to the PSI.

Data of all the parameters were recorded by normalized with their reference control and each variable with its reference control was standardized by fixing the value up to 100 (Tables [1](#tbl1){ref-type="table"} and [2](#tbl2){ref-type="table"}). Chromium stress causes reduction in variable fluorescence at J step (VJ) in both canola cultivars. Foliar application of melatonin did not affect the variable fluorescence VJ in both canola cultivars. Whereas chromium stress and melatonin application did not affect the relative variable fluorescence at I step (VI) in canola plants shown in (Figures [4](#fig4){ref-type="fig"} and [5](#fig5){ref-type="fig"}).Table 1Analysis of variance (ANOVA) of OJIP transient parameters.Table 1SOVDfVjViMoFv/FoFv/FmPhi_PoPsi_OCr20.002∗0.005∗0.058∗0.479∗∗4.087∗∗4.087∗0.0023nsMT30.008∗∗∗0.01ns0.003ns0.702∗0.001∗0.001ns0.0081∗∗∗Cr × Mt60.003∗3.53ns0.017ns0.562∗0.001∗0.001∗0.003∗cultivars2117∗138ns188ns0.24∗1.023∗1.05ns0.007∗∗Error369.9860.0010.0160.4878.8608.8609.986Total47[^1]Table 2Analysis of variance (ANOVA) of OJIP transient parameters.Table 2SOVDfPhi_EoPhi_DoPI_ABSABS_RCTRo_RCETo_RCDIO_RCCr28.135∗4.087ns3.457ns0.713∗∗0.450∗∗∗0.197∗∗∗0.030∗∗MT30.007∗∗∗0.001∗0.895ns0.117∗∗∗0.086∗0.085∗∗∗0.010∗Cr × Mt60.002∗0.001∗1.201ns0.027∗∗0.017∗∗0.005∗0.005∗∗cultivars21.002∗1.23ns0.980.21∗0.95∗∗0.08∗0.02∗Error360.0018.8601.3200.0640.0400.0070.006Total47[^2]Figure 4Chlorophyll flourescence with double normalization of two cultivars of canola (*Brassica napus* L.) whereas **(A)**, **(B)**, **(C)**, **(D)** represents DGL with melatonin (0,1,5,10 μM) and chromium (0,50,100 μM) while **(E)**, **(F)**, **(G)**, **(H)** represents AC-Excel with melatonin (0,1,5,10 μM) and chromium (0,50,100 μM) respectively for further two weeks.Figure 4Figure 5Radar plot of OJIP transient parameters (**A**), **(B)**, **(C)**, **(D)** represents DGL cultivar treated with (0, 1, 5, 10 μM Melatonin) and chromium (0, 50,100 μM) for two weeks.Figure 5

Among chlorophyll fluorescence ratios Fv/Fm explained that maximum primary yield of photochemistry of PSII did not show any change in presence of chromium stress and melatonin treatment in both canola cultivars, while Fv/Fo and Fm/Fo that are considered as most sensitive parameters of plant photosynthetic capacity were noted to be reduced due to chromium toxicity in both canola cultivars meanwhile exogenously applied melatonin treatment increased both of these parameters values in both cultivars. However, improved values of Fv/Fo and Fm/Fo because of melatonin treatment was observed more in AC-Excel under chromium treated that of non-treated plants. While increased values of Mo (primary photochemistry values) in AC-Excel cultivar was observed to be improved in foliar application of melatonin that of chromium treated plants of canola shown in ([Figure 6](#fig6){ref-type="fig"}). Similarly, total Area (PQ pool), redox state of multiple PQ turnover (Sm) and Q~A~ redox turnover until Fm actually (N values) was observed to be decreased in DGL only and melatonin application did not significantly affect the biophysical parameters.Figure 6Radar plot of OJIP transient parameters (**A**), **(B)**, **(C)**, **(D)** represents AC-Excel cultivar treated with (0, 1, 5, 10 μM Melatonin) and chromium (0, 50,100 μM) for two weeks.Figure 6

Melatonin was applied to recover chromium toxicity damage on photosynthetic machinery of canola plants. OJIP transient curves were studied to observe melatonin induced modulation and repairing of structural and functional properties of PSII. Drop in transient curves at various points O-J, J-I and I--P occurs, indicates the toxic effect of chromium causing reduction in electron acceptor pool of PSII. Transient curves were intense in melatonin treated plants under chromium stress that inhibits the electrons flow on donor side of PSII.

Chromium stress causes deficiency of primary photochemistry; decrease in Area over fluorescence curve, ultimately reduction in quantum yield of PSII (because of high F~0~, less and smaller active reaction centers (Fv/F~0~) reduction in electron flow beyond Quinone A proteins Q~A~), that causes electron deficiency at PSI (photosystem I). That causes reduction in electron flow in electron transport chain and acceptor site of PSII (Pool size of Q~A.~ Poor electron flow from PSII to PSI and low diffusion of PQ across the thylakoid membrane suggests the reduction of re-oxidation of Quinone A from Q~A~^−^ to Q~A~). Higher F~0~/Fm values in chromium treatment indicates high reduction rate of Q~A~ and re-oxidation of Q~B~ as well as photosystem I. To prevent photo-oxidative damage excess excited energy dissipation occurs in the form of thermal energy to maintain thermal balance for energy absorption and consumption, increased energy dissipation and dissipated energy flux (DIo/RC) values were observed in chromium treated plants.

Decreased values of Fm/F~o~ indicates structural damage of PSII in melatonin treated plants against chromium stress, while high Sm values (electron pool from PSII to PSI) because of chromium results in altered Q~A~ electron transfer efficiency and PQ activity. Decrease in overall performance index PI~ABS~ plants exposed to chromium results inactivity of reaction centers (RCs) enabling less restoration of total heat, ultimately reduction in size of antenna complex Rc (ABS/RC). More reduced reaction centers favors high number of active reaction centers (ABS/RC) in chromium treated plants to enhance the more reaction centers turnover number for reduction of PQ pool. High transmission of electrons of reaction centers (TRo/RC) values shows less electron transfer from active reaction centers donating electron transfer from reduced Q~A~ to Q~B~ reduces (Q~A~^−^ to Q~A~) re-oxidation because of high electron abundance. Chromium treated plants showed increased ratios of energy dissipation of un-trapped excitation energy from all reaction centers that of increased open reaction centers. High Fo/Fv values showed effect of chromium on nutrients uptake efficiency i.e manganese (Mn) major component of (OEC) its deficiency results in structural changes of oxygen evolving complex (OEC).

Chromium treated plants showed increased values of Fm/Fo and Fv/Fo and decreased Fo/Fv suggesting melatonin induced high Fv causing decline of Fo, that results in modulation of acceptor site of PSII. Increased values of Fv/Fo indicates significant improvement of electron transport chain (ETC), Melatonin treatment improves Fm values suggests high Mn ion as an extrinsic proteins of oxygen evolving complex (OEC). High manganese ion leads to low electrons transfer from water to PSII causing structural changes in D1 protein that induces structural and functional changes of PSII. Melatonin effectively improves the electron transfer rate from oxygen evolving complex to D1 protein related to core reaction centers of PSII including psb A. Chromium stress causes decrease in ABS/RC, TRo/RC, ETo/RC and DIo/RC enabling photosystem II to tackle energy flux and balance of absorbed and trapped energy transfer from active reaction centers of photosystem II. However, melatonin improves overall photosystem II efficiency in terms of increased PI~ABS~ values supported by increased 'Area' in chromium stress.

In order to confirm the observed differences of semi quantitative evaluation was performed using differences of suitably normalized transients from chromium treated and non-treated plants expressed in terms of OP, L and K bands. The kinetics difference of Melatonin treated canola plants in chromium treated and non-treated resulted negative bands of O-J and O--I region because of photochemical quenching of OJIP transients indicating excited electron transfer more faster to reduce PQ in respective control plants.

Canola plants cultivar DGL as compared to AC-Excel amplitude of kinetics difference of melatonin treated plants was greater in chromium treated plants (Figures [4](#fig4){ref-type="fig"} and [5](#fig5){ref-type="fig"}). To understand the possible changes of chlorophyll fluorescence at each step of kinetics difference i.e L band that is energetic connectivity among PSII subunits, K band that is OEC activity were calculated and represented as ΔVOK, ΔVOJ respectively.

More negative amplitude of L-bands of melatonin treated plants in chromium stress conditions indicates greater energetic connectivity of PSII subunits that of control plants. Whereas L and K (ΔVOJ) bands in cultivar DGL 5uM concentration was higher than AC-Excel plants in chromium treated and non-treated plants. Both the cultivars differ in amplitude of negative K band because of melatonin treatment can be observed in control conditions, where AC-Excel cultivar showed lower amplitude of L-band. Whereas, changes in I--P band can be measured by two normalized methods which are linked with electric trans-thylakoids potential produced by protons pump regulated by cyclic electron transport in PSI during electron transfer from PQ or PQH~2~ to PSI electron acceptor end i.e Fd and NADP.

Foliar application of melatonin increased the amplitude of I--P curve in both canola cultivars in control conditions. Suggesting melatonin might acts vital role by enhancing electron pool (carrier of photosystem I site), reduced from upcoming electron from PQ pool in canola plants. Whereas I--P band measured as VIP = \[(Ft-FI)/(Fm-FI)\] indicates chromium stress reduction rate of constant value of AC-Excel melatonin enhances the rate of constant value in AC-Excel cultivar that of DGL. Chromium stress induced biophysical changes derived from chlorophyll fluorescence curve of canola cultivars explained as in radar plot as shown in ([Figure 6](#fig6){ref-type="fig"}).

The derived fluxes of specific energy including ABS/RC (absorbance flux per reaction center), TRo/RC (trapped energy flux per reaction center), ETo/RC (electron transport flux per reaction center) and DIo/RC dissipation energy flux per reaction center all of these fully reduced in chromium stressed plants of both cultivars and melatonin treatment only improved all these OJIP parameters in cultivar AC-Excel cultivar then DGL ([Figure 6](#fig6){ref-type="fig"}) this rapid electron transfer (reduction) rate becomes faster due to chromium toxicity, because of inactive reaction centers that of control plants. In fact the relationship between PI~ABS~ and relative electron transfer yield are considered as plants capacity to transfer light energy into NADH (chemical energy) that is utilized subsequently into metabolisms i.e photosynthesis ([@bib17]). In this regard our results suggested that exogenously applied melatonin under chromium stress have higher capacity to convert light energy to chemical energy which can be used to further CO~2~ to carbohydrates. Conversion of light energy into chemical energy was observed to be higher in cultivar AC-Excel then DGL ([Figure 6](#fig6){ref-type="fig"}).

4. Discussion {#sec4}
=============

Despite the significant efforts and advancements in abiotic stress research, soil metal toxicity remains one of the most detrimental factors in agriculture ([@bib10]). In the present study we examined the chlorophyll fluorescence measurements followed by OJIP test corresponded well with melatonin induced enhanced PSII activity under chromium stress. This relationship, at least in chromium stress may be in direct damage of PSII reaction centers or other elements of photosynthetic electron transport chain. In the present study chromium reduced the number of active reaction center, while further steps for photosynthetic electron transport chain were less affected. While, PI~total~ of both stress and control conditions were clearly discriminated for canola plants but in control conditions in a way similar to quantum yield of reduction of PSI electron transport chain, that means in both control and stress conditions net assimilation rate is to some extent connected with overall photochemical efficiency, where in control conditions it is more closely related to activity of thylakoid electron transport chain site acceptors.

Our results confirmed that chromium induced changes in OJIP parameters are very sensitive to any change in PSII activity, where melatonin efficiently can improve PSII activity in chromium stress ([@bib11]). These parameters reflects any possible change in quantum yield (Fv/Fm) of PSII that is key indicator of plant photosynthetic ability either in control or stressful conditions ([@bib29]). Melatonin application in chromium stress prevents pigment degradation that helps in improving the overall photosynthetic process. Plants exposed to metals in root region causes inhibition of growth by producing reactive oxygen species that ultimately leads to plants death ([@bib35]).

All the chlorophyll fluorescence transient data of canola plants explained the reduced of primary photochemistry fluorescence and photo electrochemical quenching at O-J and J-I step under chromium stress in both canola cultivars where melatonin application increases the photosynthetic activity by compensating reduction rate of PSI and electron acceptor site of step I--P site in both Canola cultivars especially in AC-Excel than DGL.

In addition Fo normalized transient and relative variable fluorescence transients of Fo and Fm verified our results ([Figure 6](#fig6){ref-type="fig"}), for detailed analysis whole difference of kinetics at each step from OJ-JI-IP was performed (Figures [3](#fig3){ref-type="fig"}, [4](#fig4){ref-type="fig"}, and [5](#fig5){ref-type="fig"}). Low fluorescence values in L-band against chromium stress conditions showed the loss of energetic connectivity to some extent due to chromium stress. Both canola cultivars showed maximum ability of resistance at K-band showed for donor and acceptor sides of PSII imbalance at 1000μs in chromium stress. While, an increase in K-band peaks from 1000-2000 μs showed reduced oxygen evolving complex (OEC) performance because of electron flow imbalance from (OEC) to reaction center at acceptor site of PSII in chromium stress. However, at 1000--2000 μs decreased fluorescence curve at K-band under melatonin treatment against chromium stress (Figures [4](#fig4){ref-type="fig"} and [5](#fig5){ref-type="fig"}) suggested that both the canola cultivars showed maximum resistance to electron imbalance at donor and acceptor sides of PSII.

While O--I step (describes redox properties of PQ poll) decreased/negative fluorescence (ΔVOI) curve described the involvement of melatonin in maintaining the maximum PQ reduction rate in both cultivars against chromium stress. Meanwhile, fluorescence curve at I--P step that indicates the electron transfer rate from PQH~2~ to electron accepter end of PSI, melatonin treated plants showed positive increased in fluorescence transient values at I--P step in chromium stress, while decrease in chromium treated plants suggested that exogenous melatonin application enhances PQ redox rate ultimately lowering the chromium stress and increased PQ pool size in both the canola cultivars. Decreased fluorescence transient curve at I--P phase eventually happens because of sharp decline of leaf water status in chromium stress that might reaches to maximum tolerance level of pants. Chlorophyll fluorescence transients and their different ratios at each step of OJIP considered as key indicators for PSII efficiency evaluation.

Chromium stress significantly reduces Fo (minimum fluorescence level) that eventually increases energy excitation and transfer rate from antenna complex to reaction center ultimately leads to low Fo. However, melatonin treated plants also have reduced Fo values, resulting increase in electron transfer efficiency from antenna complex to PSII reaction center. While Fm (maximal fluorescence) values were also reduced in chromium stress that explains the reduction in electron transfer to PSII acceptor site, indicating induced changes in Q~A~ reduction rate.

Foliar application of melatonin enables the plants to maintain balance of Plastoquinone redox state by transferring electron to PSI. Melatonin treated plants showed reduction in ABS/RC values suggested, increased size of antenna complex of active reaction centers. However, PI most sensitive parameter of OJIP indicates the conformational changes and confirms the vitality canola plants of PSII. While exogenously applied melatonin in chromium stress increased the PI values and possible link between ETo/RC and log PI~ABS~ that suggests the utilization of PAR which reduces the CO~2~ into sugars in natural environmental conditions. However, melatonin induced improvement in photosynthetic efficiency of AC-Excel cultivar that of DGL is because of its genetic potential but its effect on the exact site of photosynthetic apparatus is still unclear. In a semi-quantitative observation of melatonin treatment with and without chromium stress on different parts of photosynthetic apparatus of canola cultivars.

5. Conclusion {#sec5}
=============

In current era tremendous increase in environmental toxicity because of excessive use of fertilizer and anthropogenic activities toxic metal contents have increased in agricultural soil, that especially effects agricultural crops. To overcome these kind of challenges exogenous application of hormones as melatonin used in our study with minute concentrate effectively can increase the plant growth, development and tolerance against certain environmental stress. There is need to focus on exogenous application of growth enhancing agents that enables plants especially agricultural crops to increase their yield and tolerance against toxic elements. In present study chlorophyll fluorescence measurements revealed that chromium stress reduced energy trapping efficiency by damaging the oxygen evolving complex, however exogenous application of melatonin protected the oxygen evolving complex of PSII and helped out in maintaining PSII activity. Given that melatonin showed positive effect on plants and it is expected that in future melatonin could have potential role in developing photosynthetically efficient stress tolerant transgenic crops.
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